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Antibody  to  carbohydrate  and  polypeptide  epitopes  on  the 
surface  of  schistospmula  of  Schistosoma  mansoni  in 
E^'ptian  patients  with  acute  and  chronic  schistosomiasis 
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of  ihc  total  pwcvimgjchitKj  mitliJWcscratliaaaitliUiwMicxiaLTV  J/^3$aaJ  ?2K  a«r^a»»w>*«e*awjhly 
potopfcoaJbytlir  JCTCctcr*  ttoa  die  dKoaactcfalwi  the  propecueo  of  tW  total  ptciptiatiwi  that 
cemMoard  «af  not  Uamd  to  he  trenifieaadr  diiSereat  booecn  mo  mu  of  mtx  ImaunoyrcCTyfeauBO  oieb  pcolrd 

antibodim  abiorfcnl  «i(li  ett  aad  aduh  woroi  heewgenaMt  «lod»  had  bcni  uosrd  to  fcnorr  ckhrr  cjAchydrat*  or 
pdtpepadf  e^iufa  Anrwigrttrd  that  the  Jf^>3a>K  ant^m  oat  the  prodpol  tafset  of  ftt-rross-rcarwc  aBCi- 
earbohrdfatc  aodbody  aaxitixrt  the  joUccb*  detretod.  The  it,  3$  and  J2K  aotiftm  oerr  teund  to  be  preopitaMd  bj 
awribodica  to  proeoM-MBwW'e  and  pcraedaM-iOMmitifT  polypeptide  cpitopet.  Thoe  rmdu  arc  eentifMnt  oith  rzt- 
croM>reacti«v  anU'CathohfdnM  IcG  antihady  BtakaBt  a  c*<Mer  eontribatwo  to  MliMo»«ntdun»  turfacc  rceoenimio  in 
atweiafectiaa  than  Ml  ehremeiafeetaan.  Indeed  the  preKnee  of  ahagbcrlcrri of  cat*<To>o-fcacti»e  and  antwarbohydfaM 
antibody  directed  as«atf  Mhiaotoenuhaa  ttirfiee  epiloptt  m  an  acute  Mnnn  pool  'hm  m  a  chronic  Mtum  pool  mat 
coesfinard  by  mcaHtrcnimx  of  antibod/  bmdiaa:  to  ohole  MimMoonnita. 

K«y»ord»t2>lfAtffirfenM«xio».  Mhi«ir«»on*ula.aBtiaem>hionjn«atiMta.cwbcliiydfate«piiepc».  trul>i«c‘ptade  cpimpm 


l.VTKODCCTfON 

Extensh'C  amlj'Stt  of  Schislasmaa  mamu/m  schuto* 
somultxm  surface  rccosnitton  by  murirw  IgG  has 
demonstrated  two  disttiKt  sets  of  epitopes.  More  than 
90*«,  of  Such  epitopes  are  sodium  tneupenodate 
sensitit*e  esrb(4>>drate  structures  whKh  <Toss*rcact 
with  the  parasite  esg.  A  smaller  pcrcenuse  are  non> 
carbohydrate  structures  that  do  not  cross>rcact  with 
the  eos  (tee  Kcll>'  (1937)  for  rniew).  Epitopes  of 
both  type*  hate  been  show-n  to  be  the  target  of 
protective  munne  monoclonal  aniibodies  and  are 
thus  potential  targets  of  protective  immune  re* 
spomesCOmer  Alicto/.  1988).  Immunopreapiiaiion 
experiments  have  identified  schistosomulum  surface 
antigens  of  M,  >  200.  2S  and  17K  whKh  express 
egg'Crois-reactne  carbohydrate  epitopes  and  anti* 
gens  of  .If,  38,  32  and  20K  which  express  non* 
carbohydrate  epitopes  (Omer  Alt  et  al.  1988). 

Human  antibodies  have  been  showTv  to  immuno* 
precipitate  schistosomulum  surface  antigens  of  simt* 
lar  Mf  to  those  recognized  by  mice  (Simpson  cl  at. 
1986).  Furthermore,  antibody  has  been  detected  in 
the  sera  of  Kenyan  children  infected  with  S.  mansom 
to  both  carboh)  drate  and  non>carboh)  drate  epitopes 

t  Rcpnnt  re(|u<su  to  Dr  A.  J.  O.  Simpson 


extracted  from  srhntosomula.  although  it  has  not 
been  demonstrated  whether  these  are  expressed  on 
tbeaurface(DuniK  Cl  af.  19$S).  Ncvcnheless,  Dunne 
ft  al.  (1988)  found  that  there  was  a  correlation 
between  the  levels  of  antibody  to  carbohydrate 
epiU^ves  extracted  from  the  schistosomulum  and  the 
egg  and  a  correlation  between  antibodies  to  non* 
carbohydrate  epitopes  extracted  from  the  schisto 
somulum  and  the  adult  worm.  These  ob«enalior» 
are  consistent  with  the  epitopes  being  shared  be¬ 
tween  the  respective  life-cycle  stages  and  suggest 
that  similar  surface  epitopes  may  be  recognized  by 
human  and  murine  antibodies. 

In  order  to  test  this  possibility  the  specificities  of 
anti-schislosomulum  surface  IgG  antibodies  in  the 
sera  of  Egyptun  patients  infected  with  S.  mansom 
have  been  examined  Serum  was  taken  from  both 
acutely  and  chronically  infected  individuals  Acute 
schistosomiasis  typically  occurs  1-2  months  after 
miiul  exposure  to  inrccied  water  and  is  diagnosed  on 
the  basis  of  fever,  eoimophilia,  stool  examination 
and  serology  (see  von  I.ichienberg,  1987)  Om* 
panson  of  the  immune  responses  of  such  patients 
with  those  known  to  have  been  infected  for  several 
years  enables  early  and  persistent  responses  to  be 
differentiated.  It  was  considered  that  such  analysis 
may  be  of  value  in  determining  responses  likely  to 
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CMXr&ctfc  to  rcKfuaor  to  tcBsficvMo  «fcadi  !a» 
been  tbowa  to  &rt1«p  coir  xficr  sevcrxl  yezst  tl 
€sp*«ttsc  aa  iodindCT!*  ta  ctsdceoc  cnoMBoafek* 
(Busmre^  &  Ilxsta.  19$7). 

>IATrSlAL»  A>0  METHODS 
PaottUs 

A  PocTto  Ric»  strm  «f  aBonocf  tc  launUaeed  at 
hansUTS  and  Biunpiealaria  ^Aresa  at  the  Natiena! 
f  asthute  for  Medical  Researdi  and  was  t9cd  thtau:^ 
oox  the  stud>«  Sdttttosoewla  were  prepared  by 
racdunkal  transformation  of  ecreariae  and  tncu> 
batien  fn-  3  h  at  37  *C  in  Earle's  salu  plus  be*' 
talburrm  hydroK*sate  (RanrkaI}M»*?trHO  H  al.  1974). 

AmlhtTa 

AH  human  sen  were  eoHected  from  patients  ad> 
mined  to  the  FUO  ward  of  the  Natal  3fedka! 
Rescanh  Unit  No<3  inrheAbbassia  Feter  llo^tal. 
Cairo,  in  19S>'S6.  AH  sen  were  stored  at  -^20*0 
prior  to  serological  artalysis.  None  of  the  patients  had 
been  prrtiously  treated  for  sehistosomiasis. 

Twefte  sen  were  collected  from  patients  who  had 
been  dia;pioscd  as  sufferint:  from  acute  schisto* 
somiatis.  These  patients  were  ali  toisn  dwellers  who 
were  exposed  brieHy  for  the  first  time  to  infected 
Nile  water.  Efsa  of  S.  mansam  were  found  in  all 
patients,  although  repeated  stool  examirutkms  or 
rectal  snip  were  required  to  find  the  ests  in  some 
cases.  The  patients  ranj;ed  in  ase  between  5  and  14 
}ears  and  had  feter  of  3-8  weeks,  duration  with 
diarrhoea,  hish  eosinophilia  and  palpable  tender 
lh*trs<  The  length  of  fe%'er  is  consistent  with  all  the 
patients  being  infected  8-13  weeks  prior  to  serum 
collection. 

Thirteen  patients  from  rural  communities  had  a 
well'documented  acthe  infection  of  at  least  3 
Thes’  were  alt  excreting  eggs  in  their  faeces  and 
ranged  in  age  between  10  and  24  )cars.  Precise  age 
matching  of  the  two  groups  of  patients  w:as  not 
feasible  since  acute  infection  tends  to  occur  in 
>ounger  patients  and  patients  with  documented 
infection  of  at  least  3  >cars  of  the  same  ages  were  not 
asailable. 

Pools  of  the  acute  and  chronic  sera  were  con- 
strutted  by  mixing  equal  50 /d  samples  of  each 
serum.  The  scrum  pools  were  also  stored  at  — 20*C 

Normal  sera  were  obtained  from  health)  lab¬ 
oratory  workers  at  NAMBU  3,  Cairo. 

Anttgai  dtlttiion  assays 

Measurement  of  antibody  binding  to  intact  and 
sodium  metaperiodaie-treated  schistosomuU  was 
undertaken  exact!)  as  described  pres  ioust>  (Omer 
All  et  al.  19S6)  using  '**l-proiein  A  (bigma)  or  '**1- 
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process  C  (PersSsep  Bsolrnca)  to  dcCect  bound 
aeobedy.  Radavisoeope  bbdhng  was  tasdertaken 
usssg  lodogni  (Fraier  &  SpccSi.  197^  resuhiax  ta  a 
specific  actiriiy  of  l-^x  10*  epea/pg. 

SdasaoMcmda  were  saaface  fahcHed  umg  lodo- 
gcB  aad  *^l>bbc{lcd  anttgetn  (N2xl0*cpm)  pre> 
eyitaad  wtrds  a  l/IO  dshstmi  of  anfibody  and 
proce»>A  Srpbaivse  (Pharmacia)  (Kiasht  *t  al, 
1984).  Elfctrophorctieanalysiswas  undertaken  using 
SDS-peJyacryUmide  gels  winch  were  subse¬ 
quently  dried  and  exposed  for  autoradiography.  For 
quanatatire  analysis  the  autoradiographs  were  scan¬ 
ned  using  a  Joycr-Lobcl  dcmstocncicr  and  the 
aucnsiiy  of  indmduxi  bands  calculated  as  a  per- 
ftntage  of  the  total  prrcipitatieA.  The  significance  of 
the  tariatien  of  the  rrlativr  isttenssty  of  rndnSduaJ 
bands  betwrm  the  acute  at>d  dtronic  sera  was 
calculated  using  Student's  /  test. 

Dfpittmai  iff  ftra  by  abfcfptim  trt/A  aJssJt  cant  and 

tgg  hvmegeKafts 

Adult  worms  and  eggs  were  homogmtzrd  in  phos- 
phate-buHered  saline,  pll  7-4  (PBS)  containing 
lOmu  cthslenediaminctetraacetic  acid  (EDTA)  to 
ghe  a  suspension  containing  approximate!)  10  mg/ 
ml  of  protein.  The  homogenates  were  dn-ided  into 
three  parts.  The  first  was  digested  with  lOOpg/ml 
of  proteinase  K  (the  reaction  being  stopped  b)  the 
addition  of  phen)lnnclh)lsulphon>!  fluondeatafinal 
concentration  of  5  mxt).  and  then  boiled  for  1  h.  The 
second  was  incubated  with  100  mtl  sodium  mefa- 
penodale  for  1  h  at  room  temperature  and  the 
reaction  stopped  by  the  addition  of  ethylene  glycol 
at  a  final  concentration  of  100  mti.  The  third  was 
diluted  with  PBS  to  gite  the  same  final  protein 
concentration  as  the  treated  antigens.  The  treater 
antigens  were  dtaly'scd  otemight  against  PBS  at 
4*C.  For  absorption  each  antigen  was  incubated 
oscrmght  at  4  *C  with  an  equal  \oIumc  of  antibody 
The  particulate  antigen  was  then  removed  by 
centrifugation  at  12000^  for  10  mm  and  the  super- 
rutant  fraction  i.sed  for  immunoprecipitaiion 

KCSVLTS 

Immunoprecipilation  of  '**I-sehislosomulum  sur¬ 
face  antigens  was  undertaken  with  sera  from  indi- 
siduals  diagnosed  as  being  acutely  or  chronically 
infected  with  5.  monroM  (Fig  I A  and  B)  Both  sets 
of  sera  produced  satiable  precipitation  of  labelled 
protans  of  .1/,  15-iOK  and  6O-IO0K  The  major 
features  of  the  precipitation  profiles,  howeser,  were 
the  Mf  >  200,  38  and  32K  antigens.  The  chronic 
sera  consistently  exhibited  an  intense  precipitation 
of  both  the  M,  38  and  32K  antigens,  whereas  the 
precipitation  of  these  antigens  was  more  sariable 
amongst  the  atutc  sera  Four  acute  sera  preferentially 
precipitated  the  3/,  38K  antigen  and  one  contained 
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Fik.  I. (A)  ImmunoprcciinUlion  of  '**l«Khut<»somuIum  *urfscc  aniiecm  with  »ntibod»es  from  indmdu»1 
patients  with  scute  schistosotnusu.  «V,  preapitsfion  with  normal  human  Krum  (U)  ImmunopTccipitaiion  of 
***I>Khiito*omu!um  surface  antigens  with  antibodies  from  tndmdual  patients  with  chronK  Khitiosomiasis 


no  detectable  IgG  antibody  against  ather  of  these 
tuoantigens.  All  the  sera  tested  contained  antibodies 
against  the  Af,  >  200K  antigen.  Iloxtoer,  the  prc' 
dpitation  of  this  antigen  ty  (He  acute  sera  was 
relatnely  more  intense.  Quaniitatne  analysis  of  the 
immunoprecipitations  was  unden  aken  by  scanning 
the  autoradiographs  of  the  gels  w  th  a  Jo>ce*l.obei 
densitometer.  The  relative  intensi'y  of  immuno« 
precipitation  of  individual  bands  was  calculated  as  a 
percentage  of  the  total  precipitation  in  each  lane. 


This  method  of  quantitation  was  i>«ed  to  control  for 
passible  variations  in  the  amount  of  antibod)  or 
radioosotope  labelled  protein  in  individual  precipi¬ 
tations  The  percentage  of  total  precipitation  consti¬ 
tuted  t>>  the  A/,  >  200K  and  the  Af,  3S  and  32K 
antigens  combined  is  shown  in  Table  I  Comparison 
of  the  results  by  Student's  ( lest  demonstrated  that 
precipitation  of  the  A/,  >  200K  antigen  ixmsiituted  a 
significantly  greater  percentage  of  the  total  pre- 
apitation  m  the  acute  sera  than  in  the  chronic  sera 
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Fif.  2  (A)  tflwnviwpfeoprtation  of  '**l><chi$(o(omutum  uirfacc  anii£cm  uiih  antibodic*  front  xr*  pooird 
from  pattenu  with  *ni«  schitiosomuau  and  the  dlieet  of  absorption  with  whole  riK  hooocenate  a.  Intact 
acute  aeiuni  (diluted  with  PBS  to  control  for  the  dilution  thM  occur*  dunnj;  absorption,  srt  Material*  and 
Methods  section);  b,  acute  serum  absorbed  vnth  intact  whole  tti  homotenaie.  c,  acute  serum  absorbed  with 
homocettate  disested  with  proteinase  K  and  boiled,  d.  acute  serum  absmbed  with  hoenocenatr  treated  with 
sodium  meupenodate;  c.  normal  human  serum.  (0)  ImmunopicoiiMUiton  of  '**l>schi*losoroulum  surface 
aniicen*  i^tih  antibodies  from  sera  pooled  from  patiems  with  chronic  schistosomiasis  and  the  effect  of 
absorption  with  whole  cks  homogenate.  <r.  Normal  human  serum,  b,  intact  chronic  serum  (dihiied  with  PBS 
to  control  for  the  dilution  that  occurs  during  absorption,  sec  Matenab  and  Methods  section),  r.  chronic  serum 
absorbed  with  intact  homoj^enate,  J,  chionk  serum  absorbed  with  homogeraie  digested  with  proteinase  K 
and  boded,  e,  chronic  serum  absorbed  with  honioge*iate  treated  wnh  sodium  r*cupcTiodaie 


Table  I  Siatittical  analj-sis  of  the  relatne  loels  of 
immunoprecipitation  of  the  .)/,>  200K  and  .1/, 
28/22K  schistosomulum  surface  antigens  by 
antibodies  in  the  sera  of  patients  with  acute  and 
chronic  schistosomiasis 

(The  lalucs  for  ihc  immunoprecipiiaiion  of  the  antigem 
were  calculated  b)  dmding  the  atMrbancc  corresponding 
to  each  antigen  band  on  the  autoradiograph  shown  m  Fig 
I.  b>  the  total  absorbance  for  all  bands  in  the  immuno- 
preeipitate ) 


Paiient  type 

Number 

M,  >  200K 

M,  38/32K 

Acute 

12 

407121*3 

42'«1I5S 

Chronic 

13 

134141 

400154 

Significance 

tm  452 
/»<(K)01 

lc-12 

r  N* 

The  M,  38  and  32K  antigens,  on  the  other  hand,  did 
not  constitute  a  signiheanti)  different  proportion  of 
the  total  precipitation  in  the  two  groups  of  patients 
The  cross>reaciitit>  betvteen  ltfe>c>cle  sta  esand 
the  contribution  of  carboh>drate  and  pol>pepiide 


moieties  to  the  epitopes  recognized  on  the  principal 
schistosomulum  surface  antigens  of  .U,  >  200,  38 
and  32K  were  assessed  by  absorptior  e\|ierimcnts 
using  serum  pools.  Absorption  of  the  acute  serum 
pool  with  a  schistosome  egg  homogenate  greail> 
reduced  its  ability  to  precipitate  the  surface 
antigens  (Fig.  2A)  Pre-treatment  of  the  egg  homo¬ 
genate  by  boiling  and  digestion  uith  proteinase  K,  to 
destro>  pol> peptide  epitopes,  did  not  affect  its  abilit> 
to  absorb  anti-.U,  >  200K  antibody  but  did  reduce 
Its  abilit>  to  absorb  anti-.)f,  38  and  32K  aniibod) 
Pre-treatment  of  the  homogenate  with  periodate,  on 
the  otlier  hand,  pre\  enied  the  absorption  of  the  anti- 
M,  >  2<)0K  antibody  but  not  the  anii-.)/,  38  and 
32K  antibodies  Thus  the  anti-.)/,  >  200K  antibody 
in  the  acute  serum  pool  is  directed  against  periodate 
sensitise,  protease  insensitive  epitopes  which  are 
shared  with  the  schistosome  egg  Theanii-A/,  38  and 
32K  antibodies,  on  the  other  hand,  are  directed 
against  periodate  insensitive,  protease  sensitive  poly¬ 
peptide  epitopes 

Absorption  of  the  chronic  scrum  pool  with  egg 
homogenate  only  resulted  in  a  reduction  in  the 
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Fij;.  2.  [irununoprecipititiMi  «{ '^I'Khbtosoinulum  suffice  ant^ens  uiih  anhbodics  ffMn  sera  pooled  from 
patKTiis  with  acute  and  chrome  sehtstosomiasts  and  the  effect  of  abtorpium  uiih  uhole  adult  worm 
hotnojEenate.  a.  Normal  human  serutn;  b.  intact  chrome  serum  (diluted  with  TBS  to  control  for  the  dJution 
that  occurs  dunn^  absorption,  see  Matends  and  Methods  section);  e,  chronic  serum  absorbed  with  intact 
homogerute.  J,  chronic  serum  absorbed  with  homosjenate  digeMed  with  proteinase  K  and  boiled,  e.  chrome 
serum  absorbed  with  homogenate  treated  with  sodium  meiapenodate,/.  intact  acute  serum  (diluted  with  PBS 
to  control  for  the  dilution  that  occurs  during  absorption);/,  acute  sertim  absorbed  with  intact  homogenate, 

A.  acute  serum  absorbed  with  homc^enate  ligested  with  protemase  K  and  boiled,  r.  acute  serum  absorbed 
with  homogenate  treated  with  sodium  metaperiodate. 


rebtisely  sseah  precipiutioa  of  the  )/,  >  200K 
antibody  (Fig  2D).  As  with  the  acute  serum  pool 
this  absorption  w:as  abolished  by  pre>iriatment  of 
the  egg  homogenate  tMth  periodate.  The^  was  no 
other  reduction  of  precipitation  This  indis-ated  that 
whereas  anii>egg  antibod)  contributed  the  majority 
of  the  anti'schisiosomulum  surface  IgG  m  the  acute 
serum  pool  it  made  a  negligible  contnb'ition  to 
surface  recognition  in  the  chronic  serum  pool 

Absorption  experiments  were  also  undertaken 
using  an  adult  worm  homogenate  (Fig  .)  Ab* 
sorption  of  the  chronic  serum  pool  completel> 
abrogated  its  ability  to  immunoprecipitaie  s.-histo* 
somulum  surface  antigens.  Doiling  and  piotease 
treatment,  but  not  periodate  treatment,  prevenitd 
the  absorption  of  anti<.U,  38  and  32K  antibodv, 
demonstrating  that  these  were  entire!)  directed  at 
po]>'peptide  epitopes.  Absorption  of  the  acute  serum 
pool  with  the  adult  homogenate  did  not  at<sorb 
antibody  to  the  ,)/,  >  200K  antigen  althougl  the 
precipitation  of  the  .U,  3S  and  32K  was  abolishe<)  As 
in  previous  experiments  absorption  of  these  .Jiti- 
bodies  was  prevented  b)  protease  but  not  periodate 
treatment 

The  anal>sis  of  surface  antigen  recognition  by 


immunoprecipitation  of  '’*l«surface  antigens  thus 
demonstrated  that  the  M,  >  200K  antigen  is  the 
principal  target  of  egg>cross>reactne  anti'Carbo* 
h>drate  aniibod>  in  the  patients  examined  and  that 
there  is  a  signibcanily  greater  proportion  of  anti- 
surface  antibod)  direcler’  against  this  antigen  in  the 
sera  of  acute  patients  thin  chronic  patients.  If  the 
epitopes  recognized  on  this  antigen  are  eNposed  on 
iheschistosomum  surface  and  constitute  a  significant 
proportion  of  the  total  surface  epitopes  as  the>  have 
been  shown  to  do  using  mouse  sera  (Omcr  All  et  al. 
1986, 1988),  a  signillcant  difference  in  the  binding  of 
the  serum  pools  to  whole  schisiosomula  vsould  be 
prcilicted  To  test  this  prediction  binding  assa>s  to 
whole  schistosomula  were  undertaken  The  binding 
of  the  acute  serum  pool  to  intact  Khisiosomula  was 
found  to  be  approximately  S-fold  higher  than  that  of 
the  chronic  pool  This  high  level  of  binding  of  (he 
acute  serum  pool  was  reduced  by  83  %  by  absorption 
with  egg  homogenate  (F'lg  4)  In  contrast,  no 
change  in  the  level  of  binding  of  (he  chronic  serum 
pool  was  detectable  A  similar  reduction  in  binding 
of  the  acute  serum  pool  resulted  from  the  pre- 
treatment  of  the  schisiosomula  with  sodium  meta- 
periodate  which  did  not  alter  the  level  of  binding 
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Fist  4  The  binding  of  antibodies  from  sera  pooled  from 
patients  with  acute  and  ehronic  sehistosomuus  to  the 
surface  of  sehistosomuU.  Hatched  bars  r^resent 
binding  of  antibody  absorbed  with  whole  egg 
homogenate.  NHS  «  normal  human  serum.  Each  serum 
pool  was  used  at  a  1/10  dilution  Each  bar  is  the  aier^ 
of  duplicates 

exhibited  b)  the  chronic  pool  (Fig  5)  In  this 
experiment  protcin«Gi  which  binds  to  all  human 
IgG  subclasses  t.as  used  to  exclude  the  possibility  of 
significant  lexelsofanti-carbohydrate  IgG|  anttlK>d> 
in  the  sera  of  the  chronic  patients  which  would  not 
be  recognized  by  protein«A 

DiSCl'S^ION 

It  has  been  demonstrated  here  that  antibodies  from 
Egyptian  patients  both  acutely  and  chronicall) 
infected  with  S.mamom  bind  to  the  schisiosomulum 
surface  and  immunoprecipitate  surface  antigens. 
Immunoprecipitation  of  ‘**I-$chistosomuIum  sur¬ 
face  antigens  with  individual  sera  demonstrated  that 
all  those  tested  contained  antibodies  against  the 
M,  >  200K  antigen  However,  quantitatnc  analysis 
o^the  immunoprccipitations  rescaled  that  there  was 
a  statistically  significant  dilTerence  in  the  relative 
intensity  of  precipitation  of  the  M,  >  2(X}K  antigen 
by  antibodies  in  the  acute  sera  than  antibodies  in  the 
chronic  sera  This  indicated  that  there  is  more  anti- 
M,  >  2(X)K  antilwdy  in  acute  sera  than  m  chronic 
sera. 

All  the  chronic  sera  and  the  majority  of  the  acute 
sera  were  also  able  to  precipitate  the  A/,  38  and  32K 
antigens.  Although  the  M,  38  and  32K  antigens  were 
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Fig.  5.  *llie  binding  of  aniioodirs  from  sera  (vwlrd  from 
pMKOU  with  acute  and  chronic  schtUosomiasts  to  the 
surface  of  schittosomub  as  measured  with  '^^l-proinn  A 
and  '**l'|wotcin  G.  Itars  maiked  IO|  represent  Iwnding 
fidlowing  treatment  of  schistosomula  with  sodium 
meupenodaie.  NIIS*»  normal  human  serum  Each 
serum  pool  was  used  at  a  l/IO  dilution.  Each  bar  is  the 
merage  of  duplicates 

not  precipitated  by  all  the  acute  sera  the  siatisiical 
analysis  revealed  that  there  was  no  significant 
dilTerencc  between  the  two  groups  Indeed  the 
ccmststency  of  prectpiiaiion  of  the  M,  38  and  32K 
antigens  is  sinking  both  by  antibodies  from  the 
chronically  infected  paltenls  included  in  the  present 
stud)  and  from  infected  indn  (duals  in  endemic  areas 
of  St  l^JCia  (Simpson  e/ of.  l9S6)and  llra7il(I)issou« 
ft  at.  1984)  It  IS  clear  that  the  recognition  of  these 
two  antigens  contrasts  that  of  the  majorit)  of 
antigenic  poljpeptidcs  generated  b>  the  ccll-frce 
translation  of  mKNA  where  the  recognition  of 
indiMdiia!  proteins  vanes  greatly  between  sera 
(Butierworth  t(  ol  1985;  Simpson  el  a!  1986, 
Newport  ft  al  1988).  indeed,  m  this  study,  the 
immunoprecipitation  of  the  M,  20K  antigen  as  well 
asminorantigensof.U,40<-100K  were  imonsistcntl) 
precipitated  b>  the  individual  sera 
llie  chemical  nature  and  life-c)clc  stage  cross- 
reactivity  of  the  epitopes  on  ihe.M,  >  200,  38  and 
32K  antigens  were  examined  using  separate  scrum 
pools  constructed  from  the  acute  and  chronic  sera  It 
xxas  thus  demonstrated  that  the  M,  >  200K  antigen 
was  recognized  xia  carl>oh)dratc  epitopes  which 
could  be  ahsorlied  with  an  egg  homogenate  In 
contrast,  aniibod)  to  the  U,  38  and  32K  antigens 
was  found  to  be  against  pol>pcptidc  epitopes  that 
could  be  absorlied  with  an  adult  worm  homogenate 
In  the  case  of  the  acute  serum  pool,  but  not  th. 
chronic  serum  pool,  there  was  also  an  apparent 
cross-reaction  of  epitopes  recognized  on  the  M,  38 
and  32K  antigens  with  the  egg  Ihus  there  ma)  be 
low  levels  of  these  antigens  present  in  the  egg  which 
were  sulliciem  to  absorb  the  anti-.l/,  38  and  32K 
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antibody  from  the  aojtc  serum  pool  but  not  from  the 
chronic  serum  pool.  It  is  possible,  lKmet*er,  that  the 
apparent  absorption  is  due  to  protcoI>iic  activity 
a$s<Kiated  with  the  epg  homogenate  which  degrades 
the  lower  lesel  of  antibody  to  the  ,3/,  38  and  32K 
antigens  in  ^  acute  serum  pool  but  is  not  sufficient 
to  Jetectably  reduce  the  higher  levels  of  antibodies 
against  other  antigens.  The  reduction  in  absorption 
as  a  result  of  digestion  with  proteinase  K  and  boiling 
is  consistent  with  this  hypothesis. 

The  principal  findings  from  the  immunopreapi* 
taiion  experiments  are  the  following.  (1)  There  are 
difTcrcnt  le\cls  of  IgG  to  the  3/,  >  200K  antigen  in 
the  sera  of  the  acute  and  chronic  patients  examined. 
(2)  The  epitopes  recognized  on  the  M,  >  200K 
antigen  arc  dependent  on  carbohy  drate  moieties  that 
are  cross*  reactix  e  with  the  schistosome  egg.  (3)  There 
are  no  significar.ily  different  lc\elt  of  anti*3f,  38 
and  32K  antibody  in  the  sera  of  the  acute  and 
chronic  patients  although  the  level  of  antibodies  to 
those  antigens  is  more  variable  in  the  acute  sera  and. 
asa  result,  they  are  found  at  a  lower  level  in  the  acute 
pool.  (4)  The  epitopes  on  the  38  and  32K  antigens 
recognized  by  human  sera  are  polypeptide  and  are 
strongly  cross*rcactive  with  the  sdult  worm  but 
weaVIy.  if  at  all.  with  the  egg.  These  findings  are 
consistent  w  ith  egg*cross*rea€tis  e  antt«carbohy  drate 
antibody  making  a  significantly  greater  contnbuiion 
to  antt-sehistosomulum  surface  antibody  in  the  sera 
of  aeute  patients  than  m  the  sera  of  chronic  patients. 
This  was  indeed  demonstrated  by  surface*bmdmg 
experiments  using  sera  pooled  from  the  two  patient 
types  These  demonstrated  that  pre-absorption  of 
the  sera  with  egg  homogenate  or  pre-treatment  of  the 
schistosomulum  surface  with  penodate  both  greatly 
reduced  the  binding  of  the  acute  serum  pool  but  did 
not  alter  the  binding  of  the  chronic  serum  pool 

These  experiments  demonstrate,  that  the  corre¬ 
lations  between  human  antibody  levels  to  carbo¬ 
hydrate  epitopes  extracted  from  the  schistosomulum 
and  the  egg  as  w  ell  as  betw  een  antibody  lev  els  to  non¬ 
carbohydrate  epitopes  extracted  from  the  schisto- 
somulum  and  the  adult  xvorm  (Dunne  ft  al  1988) 
can  be  accounted  for  by  the  recognition  of  cross- 
reacting  epitopes,  and  that  at  least  some  of  the 
epitopes  in  (]uestion  are  expoved  on  the  schisto¬ 
somulum  surface  and  establish  the  polypeptide 
nature  of  epitopes  prcxiously  defined  as  ‘non- 
carbohydrate’  (Omcr  All  <t  al  1986, 1988;  Dunne  e/ 
al  I9S8)  Ihe  findings  are  also  consistent  with  the 
observation  of  Dunne  and  his  colleagues  that  anti- 
egg  and  anti-carbohydrate  IgG  both  decline  with  age 
and  thjs,  by  inference,  with  longevity  of  infection 
'Fhey  are  also  in  agreement  with  the  work  of 
Gazrinelh  and  colleagues  (Gazzmelli  tt  al  1985) 
who  demonstrated  higher  levels  of  anti-ej^  antiliodv 
m  ..cute  than  m  chronic  schistosomiasis  patients  in 
Brazil 

A  strong  IgG  response  to  schistosomulum  surface 


carbohydrate  epitope*,  including  those  expressed  on 
the  200K  antigen  have  been  detected  in  mice 
12-15  weeks  after  infection  (Omer  All  tf  at.  1986). 
Additionally ,  anti-poly  peptide  antibodies  specific  for 
the  Mf  38  and  32K  antigens  hav  e  been  found  both  in 
infected  mice  and  mice  vaccinated  with  highly 
irraduted  cercariae  (Omer  All  el  al.  I9S9).  Thus 
there  are  strong  similarities  between  the  anti- 
schistosomulum  surface  antibody  responses  in  nun 
and  the  mouse  model. 

Munne  monoclonal  antibodies  specific  for  carbo¬ 
hydrate  epitopes  on  the  3/,  >200,  38  and  17K 
antigens  as  well  as  a  monoclonal  antibody  against  a 
non-earbohydrate  epitope  on  the  3/,  32K  antigen 
have  all  been  found  to  passively  transfer  resistance 
(Omer  All  ft  al.  1988)  Thus  it  is  possible  that  the 
human  antibodies  described  in  this  paper  may 
medute  immune  killing  in  man  However,  resistance 
to  reinfection  develops  slowly  after  initial  infection 
(Butterworth  &  Hagan.  1987)  and  it  is  reasonable  to 
postublc  that  persistent  rather  than  transient  early 
responses  are  more  hVely  to  contnbute  to  protective 
immunity  m  man  Based  on  the  findings  in  the 
present  study,  using  a  small  number  of  sera,  the  anti- 
polypeptide  antibodies  directed  against  the  3/,  33 
and  32K  antigens  rather  than  the  anti-carbohydrate 
antibodies  directed  agairui  the  >  200K  antigen 
are  more  likely  to  contribute  to  protective  immunity 
in  man  Nevertheless,  the  finding  that  these  antigens 
are  also  recognized  by  acute  patients  ir  consistent 
with  the  hvpothesis  that  potentially  protective  re¬ 
sponses  are  blocked  early  in  infection  (possiblv  bv 
anli'caibohy  drate  antibodies)  assuggesled  by  Butter- 
worth  and  colleagues  (see  Butterworth  8.  Hagan, 
1987)  It  IS  also  possible  that  there  arc  differences  in 
antibody  isotype  or  affinity  m  the  antl•.^/,  38  and 
32K  IgG  response,  during  the  course  of  infection, 
both  of  which  have  not  been  measured  m  the  present 
work 
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antibodies  froa  individual  Egyptian  patients  diagnosed  as  being  either  acutely  or 
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than  the  chronic  sera  but  the  proportion  of  the  total  precipitation  that  these  two  antigens 
constituted  was  not  found  to  be  significantly  different  between  the  two  sets  of  sera, 
laaunoprecipitation  with  pooled  antibodies  absorbed  with  egg  and  adult  worm  hoaogenates 
which  had  been  treated  ib  remove  either  carbohydrate  or  polypeptide  epitopes  demonstrated 
that  the  ^  >200K  antigen  was  the  principal  target  of  egg-cross-reactive  anti-carbohydrate 
antibody  amongst  the  antigens  detected.  The  iL  38  and  32X  antigens  were  found  to  be 
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19.  precipitated  by  antibodies  to  protease-sensitive  and  periodate-insensitive  polypeptide 
ep-itopes.  These  results  are  consistent  with  egg-cross-reactive  anti-carbohydrate  IgG 
antibody  asking  a  greater  contribution  to  schistosoaulua  surface  recognition  in  acute 
in^fection  than  in  chronic  infection  Indeed  the  presence  of  a  higher  level  of  egg-cross- 
reactive  and  anti-carbohydrate  antibody  directed  against  scbistosoauiua  surface  epitopes 
in  an  acute  serua  pool  than  in  a  chronic  serua  pool  was  confirmed  by  measurement  of 
antibody  binding  to  whole  schi3toso>sula. 
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